To clarify the differences in cerebral hemodynamics and metabolism between children and adults with bilateral moyamoya disease, we measured regional cerebral blood flow, regional oxygen extraction fraction, regional metabolic rate for oxygen, regional cerebral blood volume, and regional transit time using positron emission tomography in nine patients (five children and four adults) and compared the values with those in controls (four children with unilateral moyamoya disease and six normal adults). The major differences between pediatric and adult patients were in regional cerebral blood volume and regional oxygen extraction fraction. Regional cerebral blood volume was more markedly increased relative to the control value in the children than in the adults. Also, regional oxygen extraction fraction was greater than control in areas with low blood flow in the children but was never increased in the adults. However, in the adults, only regional transit time was significantly prolonged relative to the control values. The increased regional oxygen extraction fraction relative to the control value observed in children with moyamoya disease may explain why transient ischemic attacks are a common symptom in this group. (Stroke 1990;21:272-277) M oyamoya disease is well-recognized in Japan and is characterized by stenosis or occlusion of unknown etiology of both internal carotid arteries (ICAs) and of numerous collateral vessels around the circle of Willis.
M oyamoya disease is well-recognized in
Japan and is characterized by stenosis or occlusion of unknown etiology of both internal carotid arteries (ICAs) and of numerous collateral vessels around the circle of Willis. 1 ' 2 Peak incidences are among persons aged 0-10 and 30-40 years, and the disease is usually divided into two types, pediatric and adult. 23 The types show different clinical courses and features, and the pediatric type is more progressive than the adult type. The common symptoms of moyamoya disease in children are transient ischemic attacks (TTAs) such as hemiparesis or weakness of the limbs, whereas the symptoms in adults are attacks of bleeding such as intracerebral or subarachnoid hemorrhage. 3 Many workers have investigated cerebral hemodynamics in patients with moyamoya disease, 4 -7 but there have been no reports on the differences in cerebral hemodynamics and metabolism between pediatric and adult patients. To our knowledge, we are the first to measure cerebral hemodynamics and metabolism and to compare the pediatric with the adult type of moyamoya disease using positron emission tomography (PET).
Subjects and Methods
We studied 30 patients with moyamoya disease using PET. The disease was diagnosed in all patients by angiography, which showed stenosis or occlusion of the ICAs and moyamoya vessels on both sides. From these 30 patients, we carefully selected nine (five children and four adults) retrospectively for this study. We excluded patients with multiple cerebral infarcts or recent (^2 months) infarction or hemorrhage to avoid their effects on cerebral blood flow and metabolism. We also excluded adult patients with the onset of moyamoya disease during childhood because they had multiple cerebral infarcts and cerebral atrophy. The clinical features of the nine patients are summarized in Table 1 . Five had small low-density lesions on computed tomography (CT). None had a neurologic deficit when the PET study was performed.
The PET device (HEADTOME-III, Shimadzu Corp., Kyoto, Japan, and Akita Noken, Akita, Japan) had a transaxial resolution of 8.2 mm and an axial resolution of 13 mm full-width at halfmaximum. Regional cerebral blood flow (rCBF), regional oxygen extraction fraction (rOEF), and O. rOEF and rCMRO 2 were corrected for rCBV. 9 Regional transit time (rTT) was calculated as rCBV+rCBF. 10 A small cannula was placed in the femoral artery for blood sampling. A PET transmission scan with a germanium-68-gallium-68 ring source was obtained from each patient for attenuation correction. 11 For the oxygen-15 steady-state method, five crosssectional planes 20, 35, 50, 65, and 80 mm above the orbitomeatal line were scanned simultaneously for 6 minutes. Arterial radioactivities were measured every 2 minutes. PaOj, PacOj, and arterial pH were measured at the start and end of each scan and averaged. The values are expressed as mean±SD.
The values of rCBF, rOEF, rCMRO 2 , rCBV, and rTT were obtained using rectangular regions of interest 18x14 or 14x14 mm in the cerebellum, in the frontal, temporal, parietal, and occipital cortices, and in the striatum on both sides ( Figure 1 ) and averaged. The regions of interest were selected from the blood flow images and the CT scan to avoid the low-density lesions shown on CT. The values are expressed as mean±SD.
Age, arterial blood gases, hemoglobin content, rCBF, rOEF, rCMRO 2 , rCBV, and rTT in the nine patients were compared with those in respective controls (four children with unilateral moyamoya disease [ Table 1 ] and six normal volunteers aged 26-36 years old) using Student's t test and Welch's t test with unequal variance. rCBF, rOEF, rCMRO 2 , rCBV, and rTT in the angiographically normal hemisphere were used in the pediatric controls.
Results
Age, arterial blood gases, and hemoglobin content in the pediatric and adult patients with moyamoya disease are compared with values in their respective controls in Table 2 . There was no significant difference between the patients and their respective controls.
rCBF, rOEF, rCMRO 2 , rCBV, and rTT in various anatomic regions in the pediatric and adult patients with moyamoya disease are compared with values in their respective controls in Table 3 . In the pediatric patients, rCBF was not significantly decreased, although it was approximately 20% lower than control in the frontal and parietal regions; the occipital region and the cerebellum were spared. Adult patients also showed no significant reduction in rCBF, although it was slightly decreased in the entire brain. rCMRO 2 was not decreased in the pediatric rCBF, regional cerebral blood flow as ml/min/100 ml brain; rOEF, regional oxygen extraction fraction as %; rCMROj, regional cerebral metabolic rate for oxygen as ml/min/100 ml brain; rCBV, regional cerebral blood volume as ml/100 ml brain; rTT, regional transit time as seconds. Values are mean±SD.
't|p<0.02, <0.05, <0.01, respectively, different from control by Student's / test or Welch's / test.
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FIGURE 2. Case 7, 9-year-old girt Computed tomogram (left panel) 50 mm above orbitomeatal line shows no abnormality. Positron emission tomograms (right panel) reveal decrease in regional cerebral blood flow bilaterally in frontal regions. However, regional cerebral metabolic rate for oxygen was relatively preserved and regional oxygen extraction fraction was increased in these regions. Regional cerebral blood volume was markedly increased in basal ganglia.
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FIGURE 3. Case 7, 35-year-old man. Computed tomogram (left panel) 50 mm above orbitomeatal line shows low-density lesion in left frontal subcortical region. Positron emission tomograms (right panel) show slight decrease in regional cerebral blood flow and regional cerebral metabolic rate for oxygen in left basal striatum. Regional oxygen extraction fraction and regional cerebral blood volume were not increased
patients, but rOEF was significantly increased in the regions with low rCBF, especially the frontal and parietal regions. In the adult patients, rCMRO 2 was not significantly reduced and rOEF was not increased. rCBV was significantly increased in the cerebral cortices and striatum in the pediatric patients, but it was not increased in the adult patients. rTT was significantly prolonged in the cerebral hemisphere in both groups of patients, especially the pediatric group, but not in the cerebellum.
Case Reports
We selected two typical cases of the pediatric and the adult types of moyamoya disease for illustration.
Case 1, pediatric type. At the age of 8 years, transient weakness of the right hand had occurred in this 9-year-old girl. Thereafter, similar attacks occurred every month. CT of her brain showed no abnormalities ( Figure 2, left panel) , but angiography revealed bilateral stenosis of the ICAs with marked leptomeningeal anastomosis, and the diagnosis of moyamoya disease was confirmed. PET showed decreased rCBF bilaterally in the frontal regions. However, rCMRO 2 was relatively preserved and rOEF was increased. rCBV was increased in the cerebral cortices and the basal ganglia (Figure 2 , right panel).
Case 7, adult type. This 35-year-old man developed weakness of his left arm and leg 6 months before the PET study. A small low-density lesion was seen in the left frontal subcortical region on CT (Figure 3, left  panel) . The diagnosis of moyamoya disease was confirmed by angiography, which demonstrated severe bilateral stenosis of the ICAs and their branches. PET showed slightly decreased rCBF and rCMRO 2 in the right striatum. rOEF and rCBV were not increased (Figure 3, right panel) .
Discussion
Both children and adults with moyamoya disease have occlusions or stenoses of both ICAs. However, it is well known that the types show different clinical courses and features. 3 Namely, moyamoya disease in children is more progressive than in adults, clinically and angiographically, and TIAs are more common in children. Therefore, we compared cerebral hemodynamics and metabolism relative to controls between these two groups of patients with moyamoya disease using PET.
The most conspicuous difference between pediatric and adult patients was in rCBV, which was increased relative to the control value much more in the former than in the latter. The increase in rCBV in patients with moyamoya disease can be explained by compensatory vasodilatation following the decrease in perfusion pressure 12 - 13 and by the development of numerous collateral vessels, the so-called moyamoya vessels, which were most prominent in the basal ganglia. The higher rCBV observed among pediatric patients may be due partly to the presence of dilated vessels on the surface of the brain, which could not be differentiated due to the limited resolution of PET. The reason for this difference between the pediatric and adult patients is not clear, but it can best be explained by the prolonged rTT (low perfusion pressure) observed in the children. In addition, children may develop abundant collateral vessels more easily than adults, thus resulting in increased rCBV.
Another major difference in the pediatric and adult patients was in rOEF. The former had increased rOEF relative to their controls, whereas the latter did not. Increased rOEF indicates blood flow insufficient for the oxygen demand, or misery perfusion. 14 In the pediatric patients, rCMRO 2 was preserved and rOEF was increased in brain regions with low rCBF. However, in the adult patients, rCMRO 2 and rCBF were preserved and rOEF was normal. According to previous reports using xenon-133, children with moyamoya disease had significantly reduced rCBF, 56 but adults did not. 4 Our results support these findings.
The increased rOEF in our pediatric patients was also compatible with their longer rTT and is in good accord with the clinical findings that TIA is the most common symptom in children with moyamoya disease. Two of our four adult patients experienced TIAs. We could not compare cerebral hemodynamics and metabolism in adult patients with and without TIA because there were so few, but there seems to be no difference between the two adult patients with TIA and the two without TIA. In the adult patients rTT was also significantly prolonged, but this was more remarkable in the pediatric patients with a higher incidence of TIA. This indicates that decreased perfusion reserve prevails even in adult patients with moyamoya disease and may explain the occurrence of TIA in them.
Increased rOEF in the pediatric patients indicated that they suffer more severe ischemia than the adult patients. The difference in rOEF relative to control values between the pediatric and adult patients is probably related to the severity or the rapidity of progression of the occlusive lesions, which were much more progressive in the children than in the adults. 3 Increased rOEF is also an important finding in considering the management of patients with moyamoya disease, as it may be a good indicator for early surgical intervention.
1415 According to our preliminary experience, 16 surgical treatment using extracranial-intracranial bypass surgery was more effective in pediatric patients. This is under investigation at present.
As described above, rCBV and rOEF were remarkably different compared with control values between children and adults with moyamoya disease. Increased rOEF may explain why TIA is a common symptom in the pediatric type of moyamoya disease; in the adults only rTT was significantly prolonged relative to control values. These differences in cerebral hemodynamics and metabolism should be considered primarily in the management and early surgical intervention in patients with moyamoya disease.
